Selective digestion and novel cleanup techniques for detection of benzo[a]pyrene diol epoxide-DNA adducts by capillary electrophoresis/mass spectrometry.
Benzo[a]pyrene (BP) is a ubiquitous environmental polycyclic aromatic hydrocarbon (PAH) which, upon metabolic conversion to reactive benzo[a]pyrene-7,8-diol-9,10-epoxide (BPDE), has been found to attach covalently to DNA. Given the low level of DNA adducts typically present in vivo or in vitro, an essential first step prior to capillary electrophoresis/mass spectrometry (CE/MS) (or liquid chromatography/mass spectrometry (LC/MS)) analysis of the DNA digests is the removal of the bulk non-adducted nucleotides, enzymes or salts, and isolation of enriched adducts. This report focuses on the development of novel sample handling methods aimed at facilitating the analysis of BPDE-DNA adducts by CE/MS. This approach involves a simple variation on the digestion procedure, in combination with the use of metal affinity ZipTips for the more efficient cleanup of BPDE-DNA adducts formed in vitro for subsequent CE/MS analysis. The previously described digestion procedure, consisting of micrococcal nuclease, spleen phosphodiesterase and nuclease P1, allows for selective dephosphorylation of normal nucleotides, while leaving adducted nucleotides intact. Metal affinity ZipTips, typically used for selective extraction of phosphopeptides, were used here for extraction of adducted nucleotides. The utility of metal affinity SPE was tested on mixtures of dG and dGp, wherein nucleotide extracts contained no detectable nucleosides by CE/UV analysis. An in vitro BPDE-DNA incubation was then digested using the above procedure. Metal affinity solid-phase extraction (SPE) was subsequently used for the selective isolation of phosphorylated components, i.e., adducted nucleotides, from the mixture of enzymes and non-adducted nucleosides. SPE extracts were enriched in nucleotide adducts and analyzed using sample stacking and CE/MS. This method has several advantages over previously described cleanup procedures for dGp-BPDE adducts: fast, simple, uses commercially available materials, no need for excessive dilution (small scale), the suitability for use with automation, and possible applicability to other bulky hydrophobic adducts.